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Description

[0001] This invention relates to a low color or colorless polymaleate which is prepared by aqueous solution polym-
erization of maleic acid, an allylic sulfonate monomer, and a polyvalent transition metal ion. The polymaleates are
useful as permanent press agents for textiles, and in laundry detergents to minimize calcium carbonate encrustation.
[0002] Polymaleates are commonly used as water treatment agents, dispersing agents, and chelating agents in
applications where color of the polymer is not critical. Since polymaleates generally appear dark brown in color, such
polymers are inappropriate for many detergent and textile applications where low color is desirable. This is especially
true where the polymer is to be applied to a textile, for example, as a durable press resin where a high color polymer
may cause undesired color formation on the textile.
[0003] There are many processes for preparing polymaleates and copolymers thereof, for example, such processes
are disclosed in U.S. Patent Nos. 5,135,677; 5,064,563; 4,519,920; 4,555,557; 4,668,735; 4,589,995; and 4,659,793
wherein the polymaleates are prepared in an organic solvent or water. Unfortunately, these processes yield poly-
maleates which appear dark in color as evidenced by Gardner color number of greater than 8.
[0004] U.S. Patent No. 4,709,091 describes a process for preparing polymaleic acid which involves neutralizing
maleic acid in an aqueous medium with an alkali metal hydroxide or ammonia, polymerizing the maleic acid in the
presence of an initiator, and adding a further amount of the alkali metal hydroxide or ammonia. U.S. Patent No.
4,709,091 suggests that sulfonate comonomers may be used along with the maleic acid. The polymalic acid polymers,
however, appear dark in color as evidenced by Gardner color number of greater than 8.
[0005] It has now been discovered that a low color or colorless polymaleate, as determined by a Gardner color
number of 8 or less, may be prepared by aqueous solution polymerization comprising:

(a) 70 to 99.9 weight percent of maleic acid;
(b) 0.1 to 30 weight percent of an allylic sulfonate monomer having the formula

wherein R1 is selected from the group consisting of H, C1-C4 alkyl, C1-C6 alkoxy, C6-C10 aryl, ester, and COOH;
R2 is O-R3 wherein R3 is selected from the group consisting of C1-C4 alkyl, C1-C6 alkoxy, and C6-C10 aryl; n is
from 0 to 1; and M+ is a cation selected from the group consisting of H+, NH4

+, alkali metals, alkaline earth metals,
and quaternary organic amines; and
(c) 0.5 to 50 µmoles, based on the moles of monomer, of a polyvalent transition metal ion selected from group
consisting of Group IVA, VA, VIA, VIIA, VIIIA, IB, IIB, and combinations thereof; wherein the weight percents are
based on the total weight of monomer, provided that 10 to 60 mole percent of the carboxylic acid groups on the
maleic acid are neutralized prior to polymerization.

[0006] According to an additional aspect the invention provides a method for imparting permanent press properties
to a textile containing cellulose fibers wherein said method comprises (I) adding an aqueous solution of the low color
or colorless polymaleate to a laundering process comprising at least one textile; and (II) heating the textile at a sufficient
temperature for a sufficient time to react the polymaleate with the textile wherein water is removed from the textile, to
impart permanent press properties to the textile. Optionally, the polymaleate is combined with a catalyst prior to Step (II).
[0007] According to an additional aspect the invention provides a low color or colorless polymaleate as determined
by a Gardner color number of 8 or less, said polymaleate is prepared by aqueous solution polymerization comprising
70 to 100 weight percent, based on the total weight of monomer, of maleic acid; and 0.5 to 50 µmoles, based on the
moles of monomer, of a polyvalent transition metal ion selected from group consisting of Group IVA, VA, VIA, VIIA,
VIIIA, IB, IIB, and combinations thereof; provided that 40 to 55 mole percent of the carboxylic acid groups on the maleic
acid are neutralized prior to polymerization.
[0008] The low color or colorless polymaleate of the present invention provides permanent press properties to textiles
treated therewith and increases the resistance of such textiles to laundering abrasion. Such treated textiles display a
significant reduction in wrinkles compared with nontreated textiles. Moreover, the treated textiles have a tactile sen-
sation of feeling soft and retain their smoothness after laundering.
[0009] According to a further aspect the invention provides a cleaning composition containing a surfactant and the
polymaleate. The polymaleate enhances or "builds" the cleaning efficiency of a surfactant by inactivating hardness
ions such as calcium and magnesium, and other metal ions such as iron. The polymaleates soften water by seques-
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tration. In addition, the polymaleates assist in cleaning by dispersing and suspending soils to prevent the redeposition
of soils onto cleaned substrates. Fabrics washed with detergent compositions containing the polymaleate of the inven-
tion have much less calcium carbonate deposited on the fabric as compared to fabrics washed without the polymaleate.
Moreover, fabrics washed with detergent compositions containing the polymaleate of the invention display significantly
less graying as compared to fabrics washed with detergent compositions without the polymaleates of the invention.
[0010] The low color or colorless polymaleate as determined by a Gardner color number of 8 or less is prepared by
aqueous solution polymerization of (a) 70 to 99.9 weight percent of maleic acid, (b) 0.1 to 30 weight percent of an
allylic sulfonate monomer, and (c) 0.5 to 50 µmoles, based on the moles of monomer, of a polyvalent transition metal
ion selected from group consisting of Group IVA, VA, VIA, VIIA, VIIIA, IB, IIB, and combinations thereof. The weight
percents of the maleic acid and allylic sulfonate monomer are based on the total weight of monomer used to prepare
the polymaleate.
[0011] As used herein, "polymaleate" includes copolymers and terpolymers of maleic acid. Preferably, the amount
of maleic acid which is used to prepare the polymaleate is greater than 80 weight percent, more preferably greater
than 90 weight percent, based on the total weight of monomers. Most preferably, the amount of maleic acid monomer
which is used to prepare the polymaleate is greater than 98 weight percent. Preferably, the amount of allylic sulfonate
monomer which is used to prepare the polymaleate is less than 20 weight percent, more preferably 8 or less weight
percent, based on the total weight of monomers. Most preferably, the amount of allylic sulfonate monomer which is
used to prepare the polymaleate is less than 2 weight percent.
[0012] The maleic acid may be present as maleic acid and/or maleic anhydride. In the embodiment of the invention
wherein an allylic sulfonate comonomer is used with the maleic acid, 10 to 60 mole percent of the carboxylic acid
groups on the maleic acid are neutralized prior to polymerization. Preferably 20 to 50 mole percent, more preferably
30 to 40 mole percent, of the carboxylic acid groups on the maleic acid are neutralized prior to polymerization.
[0013] The allylic sulfonate monomer has the formula

wherein R1 is selected from H, C1-C4 alkyl, C1-C6 alkoxy, C6-C10 aryl, ester, and COOH; R2 is OR3 wherein R3 is
selected from C1-C4 alkyl, C1-C6 alkoxy, and C6-C10 aryl; n is from 0 to 1; and M+ is a cation selected from H+, NH4

+,
alkali metals, alkaline earth metals, and quaternary organic amines. Preferred alkali metals are sodium and potassium.
Particularly preferred allylic sulfonate monomers are sodium methallyl sulfonate, sodium allyl sulfonate, and sodium
1-allyloxy-2-hydroxypropyl sulfonate.
[0014] In one embodiment of the invention, the allylic sulfonate monomer is sodium methallyl sulfonate having the
formula

[0015] In one embodiment of the invention, the allylic sulfonate monomer is a copolymerizable surfactant having the
formula

[0016] In the embodiment of the invention wherein a comonomer is not used with the maleic acid, 40 to 55 mole
percent of the carboxylic acid groups on the maleic acid are neutralized prior to polymerization. Preferably 45 to 50
mole percent of the carboxylic acid groups on the maleic acid are neutralized prior to polymerization.
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[0017] The polyvalent transition metal ion is used to prepare the polymaleates of the invention in an amount of from
0.5 to 50 µmoles, based on total moles of monomer used to prepare the polymaleate. Suitable polyvalent transition
metal ions are selected from Group IVA, VA, VIA, VIIA, VIIIA, IB, and Group IIB transition metal ions. Combinations of
transition metal ions may also be used. Preferably the transition metal ion is selected from vanadium ions, iron ions,
and copper ions. The polyvalent transition metal ion is preferably used in an amount of from 1.6 to 33.2 µmoles, and
more preferably 8.3 to 16.6 µmoles. If the amount of polyvalent transition metal ion used is less than 0.5 µm, the
residual monomer level in the polymaleate is unacceptable. If the amount of polyvalent transition metal ion used is
greater than 50 µmoles, the color of the polymaleate is unacceptable as determined by a Gardner color number of
greater than 8.
[0018] In one embodiment, the polymaleate is used to impart permanent press properties to a textile containing
cellulose fibers. As used herein, "permanent press" shall be synonymous with wrinkle resistance, durable press, di-
mensional stability, shrinkage resistance, and wrinkle recovery. An aqueous solution of the polymaleate is applied to
a textile, and the textile is heated in the presence of a catalyst at a sufficient temperature for a sufficient time to react
the polymaleate with the textile wherein water is removed from the textile, to impart permanent press properties to the
textile. The polymaleate may be applied in the form of an aqueous solution or sprayed.
[0019] Any method of applying the polymaleate to the textile is acceptable. Preferably, the textile is impregnated with
an aqueous solution of the polymaleate. As used herein, "impregnate" refers to the penetration of the solution into the
fiber matrix of the textile, and to the distribution of the solution in a preferably substantially uniform manner into and
through the interstices in the textile. The solution therefore preferably envelopes, surrounds, and/or impregnates indi-
vidual fibers substantially through the thickness of the textile as opposed to only forming a surface coating on the textile.
[0020] In a preferred embodiment of the invention, the aqueous solution of the polymaleate is applied to the textile
in a textile manufacturing process as part of the durable press finishing operation.
[0021] The textiles may be woven or non-woven fabrics and include 100% cellulosic fabrics, for example, cotton,
rayon, and linen, as well as blends, for example, polyester/cotton or polyester/rayon. Such blends preferably contain
at least 20% of cellulose. Both white and colored (printed, dyed, yam-dyed, cross-dyed) fabrics can be effectively
treated with the polymaleate of this invention. The textiles may comprise new or used clothing including previously
worn clothing and/or laundered clothing. Preferably, the textiles contain free hydroxyl groups.
[0022] A catalyst may be used to speed up the reaction between the polymaleate and textile. The catalyst also
increases the degree of crosslinking in the reaction of the carboxyl groups on the polymaleate and hydroxyl groups on
the textile. While not wishing to be bound by any theory, the inventors believe that the catalyst decreases the zeta
potential or the amount of negative charge on the textile surface and thus increases the amount of polymaleate which
is deposited on the textile or fabric from the aqueous solution. Any substance that can accept an electron pair from a
base can be used as a catalyst.
[0023] Preferably, the catalyst is a Lewis acid catalyst selected from dibutyltindilaurate, iron(III)chloride, scandium
(III)trifluoromethanesulfonic acid, boron trifluoride, tin(IV)chloride, Al2(SO4)3xH2O, MgCl2.6H2O, AlK(SO4)2.10H2O,
and Lewis acids having the formula NXp wherein N is a metal, X is a halogen atom or an inorganic radical, and p is an
integer of from 1 to 4, such as BX3, AlX3, FeX3, GaX3, SbX3, SnX4, AsX5, ZnX2, and HgX2. More preferably, the Lewis
acid catalyst is selected from Al2(SO4)3xH2O, MgCl2.6H2O, AlK(SO4)2.10H2O. A combination of catalysts can also be
used in the method of the invention.
[0024] The treated textile is cured at the normal temperatures provided by either a drying unit used in a textile man-
ufacturing process such as a steam heated drying cylinder, an oven, or an iron. Drying temperatures generally range
from 90°C to 300°C. Such temperatures permit water to be removed, thereby inducing crosslinking between the pol-
ymaleate and textile.
[0025] The residence time of the textile in the dryer unit, oven, or in contact with an iron ranges from 1 second to
200 seconds, depending on the temperature. The actual residence time for a particular textile sample depends on the
temperature, pressure, type of fabric, and the type and amount of catalyst. Preferably, the time and temperature required
to cure the polymaleate with the textile ranges from 2 to 60 seconds at a textile temperature ranging from 100°C to
250°C. After the textile with the solution of the polymaleate applied thereto is dried/cured, subsequent coatings or
additives may be applied.
[0026] In a preferred embodiment, a textile treated with the polymaleate is ironed both on the inside and outside
surfaces to maximize the amount of crosslinking and thus permanent press properties of the textile.
[0027] Preferred means of applying the aqueous solution of the polymaleate on a textile manufacturing machine are
by puddle press, size press, blade coater, speedsizer, spray applicator, curtain coater and water box. Preferred size
press configurations include a flooded nip size press and a metering blade size press.
[0028] Preferred means of applying the aqueous solution of the polymaleate on off-machine coating equipment in a
textile manufacturing process are by rod, gravure roll and air knife. The solution may also be sprayed directly onto the
textile or onto rollers which transfer the solution to the textile. In an especially preferred embodiment of the invention,
impregnation of the textile with the aqueous solution of the polymaleate occurs by means of a puddle size press.
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[0029] Preferred means of applying the aqueous solution of the polymaleate in a laundering process are by adding
the solution to the rinse water during the rinse cycle in the laundering process. In an especially preferred embodiment
of the invention, impregnation of the textile with the aqueous solution of the polymaleate occurs during the final rinse
cycle in a laundering process. In an additional especially preferred embodiment of the invention, impregnation of the
textile with the aqueous solution of the polymaleate occurs in a washing machine which contains at least one textile,
the polymaleate and optionally a catalyst, wherein the washing machine is not operating so that the textile remains in
contact with the treatment solution for a period of time to facilitate the impregnation of the treatment solution into the
textiles. The washing machine is turned on to the spin cycle, the textiles are removed, dried and ironed.
[0030] Another preferred means of applying the aqueous solution of the polymaleate to a textile such as clothing is
spraying by means of a pump or aerosol a solution of the polymaleate onto the textile and then ironing the textile.
[0031] The concentration of the polymaleate in the aqueous solution is sufficient to provide from 0.1 to 10 weight
percent of polymaleate in the textile based on the oven-dry weight of the textile. Preferably, the concentration of pol-
ymaleate in the aqueous solution is sufficient to provide from 1 to 5 weight percent, more preferably from 2 to 4 weight
percent of polymaleate in the textile based on the oven-dry weight of the textile.
[0032] In another embodiment, the low color or colorless polymaleates are used in a cleaning composition. The
concentration of polymaleate in the cleaning composition is from 0.1 to 50 weight percent, preferably 0.5 to 20, based
on the total weight of the cleaning composition. Examples of cleaning compositions are laundry detergents, prespotters,
dishwashing detergents, and hard surface cleaners. Examples of articles which may be cleaned using the cleaning
compositions are fabrics, such as clothing, linens, carpets, or upholstery; hard surfaces such as countertops, windows,
floors, dishes, glasses or tiles; or automobiles.
[0033] The cleaning composition may be a solid or liquid composition. If the cleaning composition is solid, the cleaning
composition may be in any of the usual physical forms, such as for example, powders, beads, flakes, bars, tablets,
noodles, pastes, and slurries. If the cleaning composition is liquid, the cleaning composition preferably disperses or
solubilizes the polymaleate. The cleaning composition may be aqueous or nonaqueous. For example, the polymaleate
may be dissolved or dispersed in water, in one or more solvents or inert diluents. Preferably the cleaning composition
is aqueous.
[0034] The cleaning compositions may contain any additional components which are used in cleaning compositions.
Such additional components are well known to those skilled in the art and include one or more surfactants, builders,
ion exchangers, alkalies, anticorrosion materials, antiredeposition materials, optical brighteners, fragrances, dyes,
chelating agents, enzymes, whiteners, brighteners, antistatic agents, sudsing control agents, solvents, hydrotropes,
bleaching agents, perfumes, bleach precursors, water, buffering agents, soil removal agents, soil release agents, sof-
tening agents, opacifiers, inert diluents, buffering agents, corrosion inhibitors, graying inhibitors, anti-redeposition
agents, stabilizers, opacifiers, fillers, builders, phosphate co-builder, and phosphate-replacer builder. Combinations of
such additional components may also be used.
[0035] Preferably cleaning compositions prepared using the polymaleates contain at least one surfactant. Suitable
surfactants include nonionic, anionic, cationic, and amphoteric surfactants. The surfactants usable in the cleaning
composition may also be soaps.
[0036] Anionic surfactants include, for example, from C8 to C12 alkylbenzenesulfonates, from C12 to C16 alkanesul-
fonates, from C12 to C16 alkylsulfates, from C12 to C16 alkylsulfosuccinates or from C12 to C16 sulfated ethoxylated
alkanols.
[0037] Nonionic surfactants include, for example, from C6 to C12 alkylphenol ethoxylates, from C12 to C20 alkanol
alkoxylates, and block copolymers of ethylene oxide and propylene oxide. Optionally, the end groups of polyalkylene
oxides can be blocked, whereby the free OH groups of the polyalkylene oxides can be etherified, esterified, acetalized
and/or aminated. Another modification consists of reacting the free OH groups of the polyalkylene oxides with isocy-
anates. The nonionic surfactants also include C4 to C18 alkyl glucosides as well as the alkoxylated products obtainable
therefrom by alkoxylation, particularly those obtainable by reaction of alkyl glucosides with ethylene oxide.
[0038] Cationic surfactants contain hydrophilic functional groups where the charge of the functional groups are pos-
itive when dissolved or dispersed in an aqueous solution. Typical cationic surfactants include, for example, amine
compounds, oxygen containing amines, and quaternary amine salts.
[0039] Amphoteric surfactants contain both acidic and basic hydrophilic groups. Amphoteric surfactants are prefer-
ably derivatives of secondary and tertiary amines, derivatives of quaternary ammonium, quaternary phosphonium or
tertiary sulfonium compounds. The cationic atom in the quaternary compound can be part of a heterocyclic ring. The
amphoteric surfactant preferably contains at least one aliphatic group, containing about 3 to 18 carbon atoms. At least
one aliphatic group preferably contains an anionic water-solubilizing group such as a carboxy, sulfonate, or phosphono.
[0040] Generally, anionic surfactants, such as linear alkyl sulfonates (LAS) are preferred for use in solid cleaning
compositions containing the polymaleate. Nonionic and anionic surfactant mixtures such as alcohol ethoxylates and
LAS are preferred in liquid cleaning compositions containing the polymaleate. The surfactants are optionally present
in an amount of from 0 to 50 weight percent, preferably from 2 to 45 weight percent, and more preferably from 5 to 40
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weight percent of the cleaning composition.
[0041] Examples of builders which may be present in the cleaning composition include, for example, phosphates,
such as pyrophophates, polyphosphates, or sodium tripolyphosphate. Further examples are zeolites, sodium carbon-
ate, poly(carboxylic acids), nitriloacetic acid, citric acid, tartaric acid, the salts of the aforesaid acids and the monomeric,
oligomeric, or polymeric phosphonates. Combinations of builders may also be used. The builders are optionally present
in an amount of from 0 to about 85 weight percent, preferably from 5 to 50 weight percent based on the total weight
of the cleaning composition.
[0042] Liquid cleaning compositions containing the polymaleate can contain up to 80 weight percent water or solvents
or combinations thereof. Typical solvents which may be used include oxygen containing solvents such as alcohols,
esters, glycol, and glycol ethers. Alcohols that may be used in the cleaning compositions include, for example, methanol,
ethanol, isopropanol, and tertiary butanol. Esters which may be used include, for example, amyl acetate, butyl acetate,
ethyl acetate, and esters of glycols. Glycols and glycol ethers that are useful as solvents include, for example, ethylene
glycol, propylene glycol, and oligomers of ethylene or propylene glycol.
[0043] Solid cleaning compositions containing the polymaleate preferably contain up to 60 weight percent of one or
more solid inert diluents such as sodium sulfate, sodium chloride, sodium borate, or selected polymers such as poly-
ethylene glycol or propylene glycol.
[0044] In a cleaning composition, the polymaleate enhances or "builds" the cleaning efficiency of a surfactant by
inactivating hardness ions such as calcium and magnesium, and other metal ions such as iron. The polymaleates
soften water by sequestration. In addition, the polymaleates assist in cleaning by dispersing and suspending soils to
prevent the redeposition of soils onto cleaned substrates.
[0045] The following nonlimiting examples illustrate further aspects of the invention.

EXAMPLE 1

Preparation of polymaleate without allylic sulfonate.

[0046] A mixture containing 98 g of maleic anhydride, 75 g of water and 14 mg of ferrous ammonium sulfate hex-
ahydrate (10.7 µmoles Fe2+ based on moles of monomer) were added to a reactor. The reactor was heated to 96°C
to 98°C and the reaction temperature was maintained for 5 hours. Concurrently, 55 g of a 35% hydrogen peroxide
solution was added to the reactor during the 5 hours. After the addition of the hydrogen peroxide was complete, the
reaction temperature was maintained at 96°C to 98°C for an additional 2 hours to form a polymaleate product.
[0047] The polymaleate appeared amber to dark brown in color and was clear. The polymaleate was determined to
have a Gardner Color Number of greater than 10.

EXAMPLE 2

Preparation of sodium polymaleate without allylic sulfonate.

[0048] A mixture containing 98 g of maleic anhydride, 75 g of water, 48 g of 50% NaOH (30 mole % carboxyl groups
on the maleic acid were neutralized), 7 mg of ferrous ammonium sulfate hexahydrate (5.4 µmoles Fe2+ based on moles
of monomer) were added to a reactor. The reactor was heated to 96°C to 98°C and the reaction temperature was
maintained for 5 hours. Concurrently, 55 g of a 35% hydrogen peroxide solution was added to the reactor during the
5 hours. After the addition of the hydrogen peroxide was complete, the reaction temperature was maintained at 96°C
to 98°C for an additional 2 hours to form a polymaleate product.
[0049] The polymaleate appeared amber in color during the polymerization, but upon cooling the residual maleic
acid precipitated.

EXAMPLE 3

Preparation of a low color polymaleate with sodium methallyl sulfonate.

[0050] A mixture containing 76 grams of maleic anhydride (0.775 mol), 70 g of water, 62 g of a 50% soultion of NaOH
(50 mole % carboxyl groups on the maleic acid were neutralized), and 5.3 mg of ferrous ammonium sulfate hexahydrate
(5.4 µmoles Fe2+ based on moles of monomer) were added to a reactor. The reactor was heated to 96°C to 98°C and
the reaction temperature was maintained for 5 hours. The heat of neutralization caused a rapid rise in reaction tem-
perature to 95°C-98°C. The time duration during which the reactor temperature was at 50°C- 70°C was minimized to
minimize the isomerization of maleic acid to fumaric acid, since the latter is extremely difficult to polymerize. When the
temperature reached 96°C, 2.14 grams of sodium methallyl sulfonate (0.01 35 mol) was added to the reaction mixture.
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Concurrently, 55 g of a 35% hydrogen peroxide solution was added to the reactor during the 5 hours. After the addition
of the hydrogen peroxide was complete, the reaction temperature was maintained at 96°C to 98°C for an additional 2
hours to form a polymaleate polymer product.
[0051] The polymaleate appeared pale yellow in color and was clear. The polymaleate was determined to have a
Gardner Color Number of <1.

EXAMPLE 4

[0052] A polymaleate with sodium methallyl sulfonate was prepared according to the procedure in Example 3 except
that 20 mole % of the carboxyl groups on the maleic acid were neutralized instead of 50 mole %.
[0053] The polymaleate appeared medium yellow in color and was clear. The polymaleate was determined to have
a Gardner Color Number of 6.

EXAMPLE 5

[0054] A polymaleate with sodium methallyl sulfonate was prepared according to the procedure in Example 3 except
that 40 mole % of the carboxyl groups on the maleic acid were neutralized instead of 50 mole %.
[0055] The polymaleate appeared pale yellow in color and was clear. The polymaleate was determined to have a
Gardner Color Number of 3.

EXAMPLE 6 (Reference example)

Preparation of a low color polymaleate with copolymerizable surfactant (sodium-1 -allyloxy-2-hydroxypropylsulfonate).

[0056] A mixture containing 76 grams of maleic anhydride (0.775 mol), 70 g of water, 62 g of a 50% solution of NaOH
(40 mole % carboxyl groups on the maleic acid were neutralized), and 5.3 mg of ferrous ammonium sulfate hexahydrate
(5.4 µmoles Fe2+ based on moles of monomer) were added to a reactor. The reactor was heated to 96°C to 98°C and
the reaction temperature was maintained for 5 hours. The heat of neutralization caused a rapid rise in reaction tem-
perature to 95°C-98°C. The time duration during which the reactor temperature was at 50°C- 70°C was minimized to
minimize the isomerization of maleic acid to fumaric acid, since the latter is extremely difficult to polymerize. When the
temperature reached 96°C, 5.5 grams of sodium-1 -allyloxy-2-hydroxypropylsulfonate (COPS) (1.8 weight % based
on total polymer solids) was added to the reaction mixture. Concurrently, 55 g of a 35% hydrogen peroxide solution
was added to the reactor during the 5 hours. After the addition of the hydrogen peroxide was complete, the reaction
temperature was maintained at 96°C to 98°C for an additional 2 hours to form a polymaleate polymer product.
[0057] The polymaleate appeared pale yellow in color and was clear. The polymaleate was determined to have a
Gardner Color Number of 2.

EXAMPLES 7-9

[0058] Preparation of low color polymaleates with sodium methallyl sulfonate according to the procedure set forth
in Example 3 except for variations in the amount of neutralization and amount of iron which are described in Table I.
[0059] The polymaleates appeared pale yellow in color and were clear. The polymaleates were determined to have
Gardner Color Values of 2, <1, and 2, respectively.

EXAMPLES 10-14 (Example 12 being a reference example)

[0060] Preparation of polymaleates according to the procedure set forth in Example 5 except that different comon-
omers, as described in Table I, were used with maleic acid. All of the polymaleates precipitated except for Example 12
which was a polymaleate prepared with an allylic sulfonate comonomer.

EXAMPLES 15-17 (Example 17 being a reference example)

[0061] Preparation of polymaleates according to the procedure set forth in Example 2 except that different comon-
omers, as described in Table I, were used with maleic acid. All of the polymaleates precipitated except for Example 17
which was a polymaleate prepared with an allylic sulfonate comonomer.
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EXAMPLES 18-24

[0062] Preparation of polymaleates according to the procedure set forth in Example 1 without a comonomer, except
for variations in the amount of neutralization and amount of iron which are described in Table I.
[0063] The polymaleates either precipitated or had a Gardner Color Number of greater than 8, except for Example
24 which was 50 mole percent neutralized and 10 ppm of iron. The polymaleate of Example 24 was determined to
have Gardner Color Values of 6.

TABLE I

Polymer Allylic Sulfonate
Monomer wt.%

Appearance/
Gardner Value

(GCV)

Residual Maleic
Acid %

% Neutralization
Conc. Fe2+ (based

on moles of
monomer)

Example 1 NONE Dark Amber/
GCV=>12

1.5% 0 mole%
10.7 µmoles Fe2+

Example 2 NONE Precipitate 30 mole%
5.4 µmoles Fe2+

Example 3 Sodium Methallyl
Sulfonate 1.8%

Clear Pale Yellow/
GCV=<1

0.96% 50 mole%
5.4 µmoles Fe2+

Example 4 Sodium Methallyl
Sulfonate 1.8%

Clear Tea Colored/
GCV=6

1.05% 20 mole%
5.4 µmoles Fe2+

Example 5 Sodium Methallyl
Sulfonate 1.8%

Clear Pale Yellow/
GCV=3

0.62% 40 mole%
5.4 µmoles Fe2+

Reference Example
6

Sodium-1-Allyloxy-
2-Hydroxypropyl

sulfonate

Clear Pale Yellow/
GCV=2

0.50% 50 mole%
5.4 µmoles Fe2+

Example 7 Sodium Methallyl
Sulfonate

Clear Pale Yellow/
GCV=<1

0.597% 50 mole%
2.7 µmoles Fe2+

Example 8 Sodium Methallyl
Sulfonate

Clear Pale Yellow/
GCV=2

1.32% 40 mole%
2.7 µmoles Fe2+

Example 9 Sodium Methallyl
Sulfonate

Clear Pale Yellow/
GCV=5

30 mole%
5.4 µmoles Fe2+

Example 10 Sodium SulfoPhenyl
Methallyl Ether

Precipitate Formed
after 1 week

1.22% 40 mole%
5.4 µmoles Fe2+

Example 11 Acrylamido Methyl
Propane Sulfonate,

Sodium Salt

Precipitate 40 mole%
5.4 µmoles Fe2+

Reference Example
12

Sodium-1-Allyloxy
2-Hydroxypropyl

Sulfonate

Clear Pale Yellow/
GCV=5

0.67% 40 mole%
5.4 µmoles Fe2+

Example 13 Allylanisole Precipitate 40 mole%
5.4 µmoles Fe2+

Example 14 Dimethyl Diallyl
Ammonium Chloride

Precipitate 40 mole%
5.4 µmoles Fe2+

Example 15 Allyl Alcohol Precipitate 30 mole%
5.4 µmoles Fe2+

Example 16 Allyl Methacrylate Precipitate 30 mole%
5.4 µmoles Fe2+
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[0064] The test results in Table I show that low color or colorless polymaleates, as determined by a Gardner color
number of 8 or less, were prepared with 70 to 99.9 weight percent of maleic acid, 0.1 to 30 weight percent of an allylic
sulfonate monomer, and 0.5 to 50 mof a polyvalent metal ion, provided that 10 to 60 mole percent of the carboxylic
acid groups on the maleic acid were neutralized prior to polymerization. In addition, the test results in Table I show that
low color or colorless polymaleates, as determined by a Gardner color number of 8 or less, were prepared with 100
weight percent of maleic acid without a comonomer, and 0.5 to 50 µmol a polyvalent metal ion, provided that 40 to 55
mole percent of the carboxylic acid groups on the maleic acid were neutralized prior to polymerization.

EXAMPLE 25

Procedure for evaluating polymaleate prepared in Example 3 as permanent press agent in textile applications.

[0065]

1. Polymer solutions for two polymaleate samples as prepared in Example 3 were prepared at 8% polymaleic (on
solids) and 4% sodium hypophosphite in one sample as a catalyst and aluminum potassium sulfate (AlK(SO4)2.
12H2O in aqueous solution as a catalyst in the other sample.
2. The polymaleate was placed into a 1 liter plastic container. The required amount of catalyst was added and
deionized water was added until the total weight was 500g.
3. The polymaleate solution was mixed with a magnetic stirrer until all solids were dissolved and the solution was
clear. The solution was removed from the stirrer. A control sample was prepared with no polymaleate polymer or
catalyst.
4. For each polymaleate sample and for the control, a piece of the cotton swatch 14" x 14" (35,6 x 35,6 cm) was
cut and all selvages from the fabric were removed.
5. The swatches were placed into their respective solutions and allowed to soak for 10 minutes.
6. The swatches were removed from the solutions and placed onto an embroidery hoop, stretching evenly until taut.
7. The hoops containing the swatches were placed into a laboratory oven set at 85°C for 5 minutes until dry and
then removed from the oven.
8. The hoops containing the swatches were placed into a laboratory oven set at 185°C to cure the carboxyl groups
on the polymaleate with the hydroxyl groups on the cotton swatch samples for 2 minutes. The swatches were

TABLE I (continued)

Polymer Allylic Sulfonate
Monomer wt.%

Appearance/
Gardner Value

(GCV)

Residual Maleic
Acid %

% Neutralization
Conc. Fe2+ (based

on moles of
monomer)

Reference Example
17

Sodium-1-Allyloxy-
2-Hydroxypropyl

Sulfonate

Clear Amber/
GCV=7

0.55% 30 mole%
5.4 µm Fe2+

Example 18 NONE Clear Amber/
GCV=12

0.25% 60 mole%
27 µmole Fe2+

Example 19 NONE Precipitate 60 mole%
0.54 µmole Fe2+

Example 20 NONE Clear Tea Colored/
GCV=12

1.39% 40 mole%
5.4 µmole Fe2+

Example 21 NONE Precipitate 40 mole%
2.7 µmole Fe2+

Example 22 NONE Precipitate 60 mole%
5.4 µmole Fe2+

Example 23 NONE 27% 100 mole%
5.4 µmole Fe2+

Example 24 NONE Clear Pale Yellow/
GCV-6

0.734% 50 mole%
5.4 µmole Fe2+
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removed from the oven and allowed to cool.
9. The swatches were removed from the embroidery hoops and washed in a washing machine with 0.9g/L AATCC
standard detergent and a 10 minute regular wash cycle with hot water and a cold rinse.
10. The swatches were dried in a tumble dryer on high heat for 20 minutes. Three white bath towels were added
to the dryer along with the swatches for ballast. After 20 minutes, the swatches were removed immediately and
set on a flat surface.
11. The smoothness of each swatch was visually observed and recorded. The test results are summarized in Table
II.

[0066] The test results in Table II show that the cotton swatches pretreated with a polymaleate according to the
invention which was prepared with less than 2 weight percent of sodium methallyl sulfonate, and combined with a
catalyst were significantly less wrinkled after washing than the control swatch which was not pretreated with a poly-
maleate.

EXAMPLE 26

[0067] Procedure for evaluating the polymaleate prepared in Example 4 for anti-encrustation properties in commer-
cial laundry detergent formulations:

1. Black cotton interlock fabric available from Test Fabrics Inc. was cut into 7" x 7" (17,8 x 17,8 cm) swatches.
Weigh a total of 40 grams (+/- 0.2g) of swatches for each test which is conducted in a tergitometer, trimming one
of the swatches in each test as necessary to obtain the desired weight.
2. Add 1L of water having a hardness:(Ca:Mg = 2:1), 150 ppm as calcium carbonate, to each tergitometer.
3. Weigh the required amount of 1.24 g of TIDE powder detergent and 0.9 g of powder bleach into disposable
weigh boats.
4. Weigh the specified amount of polymer into weigh boats, typically 4% dry/detergent weight. A control sample
was prepared without any polymer.
5. Add the detergent and polymer to the tergitometer pots, and agitate for 30 seconds to homogenize the wash
water. Add the fabric to the pots and wash for 10 minutes. During the wash cycle, the water temperature was
approximately 93°F (34 °C), wash time 10 minutes, rinse time 5 minutes, agitator speed 80-100 rpm.
6. At the completion of the wash cycle, the tergitometer pots were drained, and 1 L of the water as described above
was used to rinse the swatches for 5 minutes.
7. The swatches were dried in a tumble dryer on high heat for 20 minutes.
8. Steps 2-7 were repeated for a total of 5 wash/dry cycles.
9. From three separate swatches from each tergitometer pot, cut 2" x 2" (5,1 x 5,1cm) swatches. Weigh each
swatch on the analytical balance and place in a labeled specimen cup.
10. Place each small swatch into 20 grams of 10% nitric acid, agitating slightly for 1 minute to dissolve the CaCO3
on the swatch. Decant the nitric acid into a graduated cylinder. Rinse the swatch twice more with deionized water,
decanting the water into the cylinder after each rinse. Add 1 ml of 12% KCl solution to the cylinder, then add
deionized water to make up a volume of 200ml.
11. Filter 30-50ml of the solution to remove fibers, pour each sample into a labeled container and submit for the
determination of ppm calcium with atomic absorption spectroscopy.
12. The percent of CaCO3 was determined according to the following formula:

TABLE II

Permanent Press Finishing on Cotton Swatches.

Swatch Sample Polymaleate/ wt.% AlK (SO4)2 12H20 wt. % NaH2 PO2 wt.% Result

Control None 0 0 very wrinkled

1 Example 3/ 8% 4% very few wrinkles

2 Example 3/ 8% 4% very few wrinkles

Wt.% CaCO3 = ppm Ca x (x)*
40(wt. of swatch)
---------------------------------------------



EP 1 043 342 B1

5

10

15

20

25

30

35

40

45

50

55

11

• x =(x00) dilution of solution after nitric acid wash, which is 2 in this case. The test results are summarized
in Table III.

[0068] The test results in Table III show that fabrics washed with detergent compositions containing the polymaleate
of the invention have much less calcium carbonate deposited on the fabric as compared to the fabric without the
polymaleate. In addition, Table III also shows that fabrics washed with detergent compositions containing the poly-
maleate of the invention display significantly less graying as compared to fabrics washed with detergent compositions
without the polymaleates of the invention.

Claims

1. A low color or colorless polymaleate as determined by a Gardner color number of 8 or less, said polymaleate is
prepared by aqueous solution polymerization comprising:

(a) 70 to 99.9 weight percent of maleic acid;
(b) 0.1 to 30 weight percent of an allylic sulfonate monomer having the formula

wherein R1 is selected from the group consisting of H, C1-4 alkyl, C1-C6 alkoxy, C6-C10 aryl, ester, and
COOH; R2 is O-R3 wherein R3 is selected from the group consisting of C1-C4 alkyl, C1-C6 alkoxy, and C6-C10
aryl; n is from 0 to 1; and M+ is a cation selected from the group consisting of H+, NH4+, alkali metals, alkaline
earth metals, and quaternary organic amines; and
(c) 0.5 to 50 µmoles, based on the moles of monomer, of a polyvalent transition metal ion selected from group
consisting of Group IVA, VA, VIA, VIIA, VIIIA, IB, IIB, and combinations thereof;

wherein the weight percents are based on the total weight of monomer, provided that 10 to 60 mole percent
of the carboxylic acid groups on the maleic acid are neutralized prior to polymerization.

2. The polymaleate according to Claim 1 wherein 20 to 50 mole percent of the carboxylic acid groups on the maleic
acid are neutralized prior to polymerization.

3. The polymaleate according to Claim 1 wherein the amount of maleic acid which is used to prepare the polymaleate
is greater than 80 weight percent and the amount of the allylic sulfonate monomer is less than 20 weight percent.

4. The polymaleate according to Claim 1 wherein the allylic sulfonate monomer is selected from the group consisting
of alkali, alkaline earth metal and ammonium salts of allylic sulfonate monomers.

5. The polymaleate according to Claim 1 wherein the polyvalent transition metal ion is used in an amount of from 1.6
to 33.2 µmoles.

6. A method for imparting permanent press properties to a textile containing cellulose fibers comprising the steps of:

adding thereto the low color or colorless polymaleate of Claims 1 - 5 to a laundering process having at least
one textile; and

TABLE III

Polymer Wt.% CaCO3 , based on weight of Fabric Visual Color Examination

NONE (Control) 1.13 wt.% Very Gray
Polymaleate of Ex. 4 0.57 wt.% Much Less Gray
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heating the textile at a sufficient temperature for a sufficient time to react the polymaleate with the textile,

wherein water is removed from the textile and permanent press properties are imparted to the textile.

7. The method according to Claim 6 wherein a Lewis acid catalyst is combined with the polymaleate prior to heating
the textile.

8. The method according to Claim 7 wherein the Lewis acid catalyst is selected from the group consisting of dib-
utyltindilaurate, iron(III)chloride, scandium(III)trifluoromethane sulfonic acid, boron trifluoride, tin(IV)chloride, Al2
(SO4)3xH2O, MgCl2 · 6H2O, AlK(SO4)2·10 H2O, and Lewis acids having the formula NXp wherein N is a metal, X
is a halogen atom or an inorganic radical, and p is an integer of from 1o to 4.

9. A cleaning composition comprising at least one surfactant and from 0.1 to about 50 weight percent, based on the
weight of the cleaning composition, of a low color or colorless polymaleate of Claims 1 - 8.

10. A method of cleaning comprising
preparing a cleaning composition comprising at least one surfactant and the polymaleate according to Claims

1 - 9,
contacting the cleaning composition with one or more articles, wherein at least one of the articles contains

soil, and
removing at least a portion of the soil from the article containing soil,
wherein the polymaleate disperses and suspends soils to prevent the redeposition of soils onto the cleaned

articles.

Patentansprüche

1. Schwachgefärbtes oder farbloses Polymaleat, bestimmt durch eine Gardner-Farbzahl von 8 oder weniger, wobei
das Polymaleat durch wässrige Lösungspolymerisation hergestellt ist, umfassend:

(a) 70 bis 99,9 Gew.-% Maleinsäure
(b) 0,1 bis 30 Gew.-% eines allylischen Sulfonatmonomers mit der Formel

wobei R1 aus der Gruppe ausgewählt ist, die aus H, C1-C4-Alkyl, C1-C6-Alkoxy, C6-C10-Aryl, Ester und COOH
besteht, R2 O-R3 ist, wobei R3 aus der Gruppe ausgewählt ist, die aus C1-C4-Alkyl, C1-C6-Alkoxy und C6-C10-
Aryl besteht; n 0 bis 1 ist; und M+ ein Kation ist, ausgewählt aus der Gruppe, die aus H+, NH4

+, Alkalimetallen,
Erdalkalimetallen und quaternären organischen Aminen besteht; und
(c) 0,5 bis 50 µmol, bezogen auf die Molmenge an Monomer, eines polyvalenten Übergangsmetallions, aus-
gewählt aus der Gruppe, die aus den Gruppen IVA, VA, VIA, VIIA, VIIIA, IB, IIB und Kombinationen daraus
besteht;

wobei die Gew.-% auf das Gesamtgewicht an Monomer bezogen sind, mit der Maßgabe, dass 10 bis 60
Mol% der Carbonsäuregruppen in der Maleinsäure vor der Polymerisation neutralisiert sind.

2. Polymaleat nach Anspruch 1, wobei 20 bis 50 Mol% der Carbonsäuregruppen in der Maleinsäure vor der Poly-
merisation neutralisiert sind.

3. Polymaleat nach Anspruch 1, wobei die Menge der zur Herstellung des Polymaleats verwendeten Maleinsäure
größer als 80 Gew.-% ist, und wobei die Menge des allylische Sulfonatmonomers kleiner als 20 Gew.-% ist.

4. Polymaleat nach Anspruch 3, wobei das allylische Sulfonatmonomer aus der Gruppe bestehend aus Alkali-, Erd-
alkalimetallen und Ammoniumsalzen von allylischen Sulfonatmonomeren ausgewählt ist.
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5. Polymaleat gemäß Anspruch 1, wobei das polyvalente Übergangsmetallion in einer Menge von 1,6 bis 33,2 µmol
verwendet wird.

6. Verfahren zum Erzeugen von permanenten Bügeleigenschaften bei einem Cellulosefasern enthaltenden Textil,
wobei das Verfahren umfasst:

Zugabe des schwach gefärbten oder farblosen Polymaleats nach Anspruch 1 bis 5 zu einem Waschverfahen,
bei dem mindestens ein Textil vorliegt, und
Erhitzen des Textils auf eine hinreichende Temperatur für eine hinreichende Zeit, um dass Polymaleat mit dem
Textil zur Reaktion zu bringen,

wobei Wasser von dem Textil entfernt wird, um permanente Bügeleigenschaften bei dem Textil zu erzeugen.

7. Verfahren nach Anspruch 6, wobei ein Levissäurekatalysator mit dem Polymaleat vor dem Erhitzen des Textils
kombiniert wird.

8. Verfahren nach Anspruch 7, wobei der Levissäurekatalysator aus der Gruppe bestehend aus Dibutylzinndilaurat,
Eisen(III)chlorid, Scandium(III)trifluoromethan, Sulfonsäure, Bortrifluorid, Zinn(IV)chlorid, Al2(SO4)3xH2O,
MgCl2•6H2O, AlK(SO4)2•10H2O, und Levissäuren mit der Formel NXp, wobei N ein Metall, X ein Halogenatom
oder ein anorganischer Rest und p eine ganze Zahl von 1 bis 4 ist.

9. Reinigungszusammensetzung, umfassend mindestens ein Tensid und etwa 0,1 bis 50 Gew.-%, bezogen auf das
Gewicht der Reinigungszusammensetzung, eines schwach gefärbten oder farblosen Polymaleats nach einem der
Ansprüche 1 bis 8.

10. Reinigungsverfahren umfassend
Herstellen einer Reinigungszusammensetzung, die mindestens ein Tensid und Polymaleat nach einem der An-
sprüche 1 bis 9 umfasst,
Inkontaktbringen der Reinigungszusammensetzung mit einem oder mehreren Artikeln, wobei mindestens einer
der Artikel Schmutz enthält und
Entfernen mindestens eines Teils des Schmutzes von dem Schmutz enthaltenden Artikel, wobei das Polymaleat
den Schmutz auflöst und suspendiert, um die erneute Absetzung von Schmutz auf den gereinigten Artikels zu
vermeiden.

Revendications

1. Polymaléate faiblement coloré ou incolore, de la manière déterminée par un indice de couleur Gardner égal ou
inférieur à 8, ledit polymaléate étant préparé par une polymérisation en solution aqueuse, comprenant :

(a) 70 à 99,9 % en poids d'acide maléique ;
(b) 0,1 à 30 % en poids d'un monomère sulfonate allylique répondant à la formule

dans laquelle R1 est choisi dans le groupe consistant en H, des groupes alkyle en C1 à C4, alkoxy en
C1 à C6, aryle en C6 à C10, ester et COOH ; R2 représente un groupe O-R3 dans lequel R3 est choisi dans le
groupe consistant en des groupes alkyle en C1 à C4, alkoxy en C1 à C6 et aryle en C6 à C10 ; n a une valeur
de 0 à 1 et M+ représente un cation choisi dans le groupe consistant en H+, NH4

+, des métaux alcalins, des
métaux alcalinoterreux, des amines organiques quaternaires ; et
(c) 0,5 à 50 µmoles, sur la base du nombre de moles du monomère, d'un ion de métal de transition polyvalent
choisi dans le groupe consistant en les groupes IVA, VA, VIA, VIIA, VIIIA, IB, IIB, et leurs associations ;

dans lequel les pourcentages en poids sont basés sur le poids total de monomère, sous réserve qu'une
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proportion de 10 à 60 % en moles des groupes acide carboxylique sur l'acide maléique soit neutralisée avant
polymérisation.

2. Polymaléate suivant la revendication 1, dans lequel une proportion de 20 à 50 % en moles des groupes acide
carboxylique sur l'acide maléique est neutralisée avant polymérisation.

3. Polymaléate suivant la revendication 1, dans lequel la quantité d'acide maléique qui est utilisée pour préparer le
polymaléate est supérieure à 80 % en poids et la quantité du monomère sulfonate allylique est inférieure à 20 %
en poids.

4. Polymaléate suivant la revendication 1, dans lequel le monomère sulfonate allylique est choisi dans le groupe
consistant en des sels de métaux alcalins, de métaux alcalinoterreux et d'ammonium de monomères sulfonate
allylique.

5. Polymaléate suivant la revendication 1, dans lequel l'ion de métal de transition polyvalent est utilisé en une quantité
de 1,6 à 33,2 µmoles.

6. Procédé pour conférer des propriétés de repassage permanent à une matière textile contenant des fibres de
cellulose, comprenant les étapes consistant :

à y ajouter le polymaléate faiblement coloré ou incolore des revendications 1 à 5 dans un procédé de blan-
chissage comportant au moins une matière textile ;
à chauffer la matière textile à une température suffisante pendant un temps suffisant pour la réaction du po-
lymaléate avec la matière textile,

dans lequel l'eau est éliminée de la matière textile et des propriétés de repassage permanent sont conférées
à la matière textile.

7. Procédé suivant la revendication 6, dans lequel un catalyseur du type acide de Lewis est combiné avec le poly-
maléate avant chauffage de la matière textile.

8. Procédé suivant la revendication 7, dans lequel le catalyseur du type acide de Lewis est choisi dans le groupe
consistant en le dilaurate de dibutylétain, le chlorure de fer (III), le sel de scandium (III) d'acide trifluorométhane-
sulfonique, le trifluorure de bore, le chlorure d'étain (IV), Al2(SO4)3xH2O, MgCL2.6H2O, AlK(SO4)2.10H2O, et des
acides de Lewis répondant à la formule NXp dans laquelle N représente un métal, X représente un atome d'halogè-
ne ou un radical inorganique et p représente un nombre entier de 1 à 4.

9. Composition nettoyante comprenant au moins un agent tensioactif et 0,1 à 50 % en poids, sur la base du poids
de la composition nettoyante, d'un polymaléate faiblement coloré ou incolore des revendications 1 à 8.

10. Procédé de nettoyage comprenant :

la préparation d'une composition nettoyante comprenant au moins un agent tensioactif et le polymaléate sui-
vant les revendications 1 à 9,
la mise en contact de la composition nettoyante avec un ou plusieurs articles, au moins un des articles con-
tenant des salissures, et
l'élimination d'au moins une partie des salissures de l'article contenant des salissures,

dans lequel le polymaléate disperse et met en suspension les salissures pour empêcher les salissures de
se redéposer sur les articles nettoyés.
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